Multiple myeloma (MM) is the most common hematologic malignancy in blacks. Some prior studies suggest inferior survival in blacks; others suggest similar survival. Using the original 9 Surveillance, Epidemiology, and End Results registries, we conducted a large-scale population-based study including 5798 black and 28 939 white MM patients diagnosed 1973-2005, followed through 2006. Age-adjusted incidence rates, diseasespecific survival, and relative survival rates were calculated by race, age, and time period of diagnosis. Mean age at diagnosis was 65.8 and 69.8 years for blacks and whites, respectively (P < .001). Incidence among blacks was m twice that among whites; this disparity was greater among patients < 50 years (P ‫؍‬ .002). Over the entire study period, diseasespecific and relative survival rates were higher in blacks than whites (P < .001). 
Introduction
Multiple myeloma (MM) is the most common hematologic malignancy among blacks in the US and the second most common hematologic malignancy in the country. 1,2 M 20 000 new cases are diagnosed annually. 1, 2 MM is characterized by clonal expansion of plasma cells. Classic clinical manifestations include hypercalcemia, renal failure, anemia, and lytic bone lesions as well as recurrent bacterial infections and extramedullary soft-tissue plasmacytomas. 3, 4 Recent data show that MM is consistently preceded by monoclonal gammopathy of undetermined significance (MGUS). 5, 6 Compared with whites, MGUS has been noted to occur twice as frequently in blacks, with similar transformation rates in blacks and whites. [7] [8] [9] [10] Although the etiology of MM remains unclear, observed racial disparity patterns and reported familial clustering in MGUS and MM suggest a role for susceptibility genes. 11, 12 There have been few published descriptive studies of MM incidence and survival by race. Prior data from the Statistics, Epidemiology, and End Results (SEER) program and the Multiple Risk Factor Intervention Trial have shown consistently higher incidence and mortality among blacks. 13, 14 However, mortality reflects the combined impact of cancer incidence and outcome, whereas survival is a measure of cancer outcome separate from incidence. A prior single-center study found poorer survival among 52 patients with MM at a predominantly black hospital compared with 92 patients at a predominantly white hospital; however, this difference did not persist when adjusted for socioeconomic status. 15 Similarly, a single-institution review of records for 292 patients with MM found that neither race nor socioeconomic status independently related to overall survival. 16 Retrospective data from the Southwest Oncology Group showed comparable outcomes among blacks and whites before the advent of autologous stem cell transplantation (ASCT). 17 A recent study of 91 patients receiving ASCT in an equal access health system observed no difference in survival by race 18 a registry study by the Center for International Bone Marrow Transplantation confirmed this finding. 19 Four population-based studies [20] [21] [22] [23] have demonstrated improved survival in MM after the advent of novel therapies such as ASCT (1994), [24] [25] [26] immunomodulatory drugs (IMiDs; 1999), 27-30 and bortezomib (2003) . 31, 32 None of these studies assessed the impact of new treatments on survival by race. To address racial disparities in MM incidence and survival patterns, we have conducted the first large-scale, population-based study to specifically assess differences in incidence and survival patterns in MM among blacks and whites in the US.
Methods
All data were obtained from the original 9 registries of the NCI SEER program (Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland, CA, Seattle-Puget Sound, WA, and Utah), based on the November 2009 submission. 33 For personal use only. on July 10, 2017. by guest www.bloodjournal.org From (9732/3) codes. 34 Data on year of diagnosis, race, age, and sex were available for each case. Patients were divided into age groups and periods of diagnosis based on advances in MM diagnosis and treatment ( Figure 1 ). 4, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [35] [36] [37] Patients were stratified by age above/below 70 years, based on the fact that ASCT is not usually performed on patients above the age of 70. 38 
Statistical analysis
Incidence rates (age-adjusted using the 2000 US standard) and corresponding 95% confidence intervals (CIs) were calculated using SEER*Stat (version 6.6.2; 2010). Frequency distributions and age-specific incidence curves with log-linear scales were constructed and plotted as previously reported. 39, 40 The SEER data also were accessed in ASCII format and analyzed using the Kaplan-Meier method and log-rank test to assess for racial differences in cumulative disease-specific survival as obtained from death certificates reviewed by SEER abstracters. 41 In parallel, to account for changing patterns of survival due to all causes of death in the general population over the study period, relative survival rates (RSRs) were computed using the actuarial method in SEER*Stat. All survival calculations included patients diagnosed from January 1973 to December 2005 and followed through December 2006. RSRs, defined as the ratio of the patients' observed survival to the expected survival of a similar group from the general population, measure the reduced survival associated with a diagnosis of MM. Importantly, accurate classification of cause of death is not required to determine RSRs and both direct and indirect causes of death are included. Comparisons of RSRs were based on the method of Brown. 42 All statistical tests are 2-sided, with P Ͻ .05 considered statistically significant.
Results

Incidence
From 1973-2005, 5798 black and 28 939 white patients were diagnosed with MM ( Table 1 ). The age-adjusted MM incidence rates were 11.0 and 4.9 per 100 000 person-years for blacks and whites, respectively (P Ͻ .001). This 2-3ϫ higher incidence in blacks was consistent over time (Table 1 ). MM incidence rates rose slightly for both races from the 1970s to the 1990s before flattening in recent years. For both blacks and whites, incidence rates among males were approximately 50% higher than for females of each race; however, the black:white incidence rate ratio was somewhat higher among females (2.40) than males (2.16).
Age distributions and age-specific incidence rates varied by race (Figure 2A-C) . The median age at diagnosis was 66 years in blacks and 70 years in whites (Figure 2A) , and the mean age at diagnosis was 65.8 years in blacks and 69.8 years in whites (P Ͻ .001). To explore whether this difference was a reflection of shorter life-span in blacks, age-specific incidence curves were plotted ( Figure 2B ). Rates rose exponentially with age and were consistently higher among blacks than whites. Moreover, the black:white incidence rate-ratio decreased with age from Ͼ 3:1 Patients diagnosed 1973-2005 (SEER-9). All incidence rates are per 100 000 person-years and adjusted using the 2000 US population standard. The present study defined multiple myeloma cases ICD-O-3 codes 9732/3, which includes only cases coded as MM. However, the annually published SEER Cancer Statistics Review uses the Site and Morphology code for "Myeloma," which includes a biologically and clinically heterogeneous group of plasma cell disorders including MM, solitary plasmacytoma, and plasma cell leukemia.
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Survival
For patients diagnosed 1973-2005, survival rates were consistently higher for blacks than for whites ( Figure 3A ). Disease-specific survival decreased with age among patients of both races ( Figure 3B-D) . Notably, there was no racial survival disparity among blacks and whites ages Ͻ 50 years (P ϭ .63; Figure 3B ). In contrast, 5-year diseasespecific survival was significantly greater among blacks than whites ages 50-69 years (41.6% vs 37.4%; P Ͻ .001) and ages Ն 70 years (31.1% vs 25.9%; P Ͻ .001; Figure 3C -D). In parallel with the cumulative disease-specific survival analysis, we calculated RSR estimates. Both methods showed similar race-related survival disparities, though RSR differences were less pronounced between blacks and whites ages 50-69 years (34.7% vs 33.2%; P ϭ .051) and Ն 70 years (23.6% vs 21.3%; P ϭ .004).
Changes in 5-year RSRs for blacks and whites before/after 1994 and 1999 (chosen based on the years that ASCT and thalidomide were introduced, respectively; see Figure 1 ) were compared ( Figure 4 ). Among whites, 5-year RSR improved significantly over the 3 time periods 1973-1993, 1994-1998, and 1999-2005 for all ages (from 26.3% to 30.8%, and to 35.0%; P Ͻ .001 and P ϭ .004, respectively), especially among patients aged Ͻ 70 years (from 31.2% to 37.3%, and to 44.6%; P Ͻ .001 for both changes). In addition, significant survival improvement was observed among whites Ն 70 years old from 1973-1993 to 1994-1998 (19.8% to 23.3%; P Ͻ .001) but not later. Further analysis by age revealed that RSR significantly improved in whites up to 85 years of age (P Ͻ .001), with most improvement seen in whites 70-74 years (data not shown). In contrast, smaller improvements in 5-year RSR were suggested among blacks from [1994] [1995] [1996] [1997] [1998] , and 1999-2005 (31.0%, 33.0%, and 34.1%, respectively), especially among younger patients, but they were less pronounced than those observed among whites and did not reach statistical significance. However, improvement among blacks Ͻ 70 years of age from 34.3% to 40.4% (1999-2005) reached statistical significance (P ϭ .007), the magnitude of which was less than 50% that for whites.
Survival rates varied markedly with age at diagnosis with changing racial patterns in recent years. 
Discussion
We have conducted the largest population-based study specifically examining disparities in MM incidence and outcome by race, For personal use only. on July 10, 2017. by guest www.bloodjournal.org From elucidating 3 novel findings: (1) blacks have a 4 year younger age of onset than whites; (2) over the entire study period, diseasespecific survival was greater for blacks than whites; and (3) over time, survival improvement was much less pronounced among blacks than whites.
At this time, the underlying causes of MM remain elusive. Previous reports of familial clustering of MM and MGUS, 11, 12 substantially higher incidence of MM in blacks compared with whites even when accounting for socioeconomic status, 14, 43, 44 an earlier increase in age-specific incidence rates among blacks, 44 and our observed earlier age of MM onset in blacks may suggest a role for susceptibility genes in the process of myelomagenesis.
The better survival outcomes seen among black MM patients compared with whites is a novel finding rarely seen in malignancy, 45 suggestive of disease heterogeneity by race. Concurrently, a mortality in blacks 2ϫ higher than that in whites has been previously reported from the SEER registries. 13, 18 However, it is important to note that mortality, a measure of the frequency of deaths, is partially dependent on incidence, whereas survival is not; higher mortality is observed in blacks because MM is more common, regardless of better outcomes. Our finding of longer survival among blacks may suggest that biologically indolent subtypes of MM could be more common among blacks than whites. Molecular studies by race are needed to elucidate potential underlying molecular mechanisms of our findings. Ultimately, such studies may facilitate the development of personalized management and treatment for MM.
Four prior studies of predominantly white populations have found that MM patients, especially those Ͻ 70 years of age who are the best candidates for aggressive therapy, have experienced significantly improved survival after the introduction of ASCT and IMiDs in the 1990s. [20] [21] [22] [23] Strikingly, we have found that the magnitude of survival improvement among blacks was less than 50% that seen in whites. This suggests that blacks may not have had the same access to new therapies as whites, consistent with previous reports that blacks are 50% less likely than whites to undergo ASCT, 46 while other studies have reported blacks and whites to have similar outcomes with ASCT. 18, 19 Likewise, a SEER Medicare-based study found that among MM patients Ն 65 years of age, blacks were less likely than whites to receive chemotherapy. 47 Based on small numbers, we attempted to separately assess changes in survival after the introduction of ASCT and novel drugs. We found improved survival among whites Ͻ 70 years old diagnosed before/after 1994 and 1999, suggesting that ASCT and novel drugs, respectively, may have had a role in improving survival. Meanwhile, no clear benefit was seen among blacks after the introduction of either modality. Although our study did not include information regarding treatment for individual patients, based on our results, we hypothesize that the previously reported lack of access to ASCT 46 may extend to novel drugs. The consistent black:white incidence rate ratios over time does not indicate that this disparity in survival improvement resulted from earlier diagnosis in whites. As an alternative explanation, one might speculate that blacks perhaps have more indolent disease which in turn may have a poorer response to therapy, or there may be a combination of these effects.
In addition, we have, for the first time, found significantly improved survival among whites Ն 70 years old from 1973-1993 Figure 4 . Five-year RSRs by race and age group (SEER-9). *P Ͻ .05; **P Ͻ .01; ***P Ͻ .001; and -, P Ն .05. to 1994-1998. Future studies are needed to better define the survival impact of novel therapies and gradual improvements in supportive care for the elderly. Regardless, comparable improved survival over time was not seen among blacks Ն 70 years old.
The strengths of our study include the population-based design, very large sample size, geographic, socioeconomic, and racial diversity present in the SEER registries, and rigorously evaluated data, allowing for Ͼ 98% case ascertainment for hematologic malignancies. 47 In addition, we demonstrated consistent racial disparity patterns using parallel statistical methods, strengthening our observations. We chose to present disease-specific survival curves because these are common in the clinical literature. As expected, racial disparities observed using RSR were less pronounced given that blacks have more comorbidities 42 and RSRs provide the mathematical risk estimates without requiring determination of cause of death. Our study is limited by the lack of specific clinical data regarding diagnosis and treatment. In addition, the inaccessibility of tumor tissue and serum samples in patients included in our study precludes an analysis of prognostic markers or gene-expression derived disease subtypes by race. 48 Lack of sufficient follow-up time after the introduction of IMiDs and bortezomib prevented complete assessment of the impact of these agents separately on survival in the population. Future studies including longer follow-up data in the era of novel drugs, especially those regimens tailored for the elderly, 30 are needed.
In summary, our findings are consistent with a genetic basis for myelomagenesis, either at development of MM or earlier at the level of precursor disease conferring greater susceptibility to developing MM and may suggest that blacks have different disease biology than whites. Future research is needed to explore potential molecular underpinnings of observed racial differences. The realization that the previously reported improved survival after the advent of novel MM therapies primarily reflects improvements among whites raises serious concerns regarding a potential lack of access to newer treatments among blacks in the US. These facts further emphasize the need to effectively translate efficacious treatments to patients regardless of race.
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